This phenomologic study was carried out in order to determine how 63 pre-service chemistry teachers graduated from Chemistry Branch of Science Faculty in the pedagogical training program during 2013-2015 academic years defined the concepts of density and melting and boiling points and how they interpreted the data in micro levels. A diagnostic instrument for measurement consisting of six open-ended questions was prepared. Content analysis was performed and the results were given in frequency and percentage distribution category. Below 50% of participants gave significant and correct answers to all of the questions about density, melting and boiling points and they interpreted the concepts of underlying data and units in micro levels correctly. It was established that most of the students could not go beyond formulas especially in the concept of density and they had misconceptions about the definitions of this concept and interpretion of the data related to density, melting and boiling points. Given the students' answers, it can be stated that the misconceptions were associated with the research concepts resulted from the misconceptions of preservice teachers about particle size, particle mass and intermolecular forces. It can be quite useful to present the practices of employing data and units for significant science education to students' attention during all stages of teaching.
Introduction
One of the chief goals of modern-day science education is also scientific literacy. The main aim of scientific literacy is to make self-confident and able individuals studied compulsory science classes keep pace with the world in which they live, understand facts and events they encounter, think straight in today's information age rather than make them expert in the field of science and technology. If this specific aim cannot be reached, members of the community can be destitute of positive thinking skill and may fall back on non-science areas instead of scientific solutions when trying to solve all kinds of problems. Educating a scientifically-literate generation with clear standpoints is an absolute necessity as learning the alphabet (Esme, 2004) . Scientific literacy offers a certain perspective on being a qualified individual. From this point of view, it is well understood that qualified members who are able to produce knowledge are highly significant for the country and science classes are critically important in this process.
Scientific knowledge develops through "knowing", "performing" and "talking about" science (Lee & Ertmer, 2006) . This must convey true sense of science education as the primary target. In order to accomplish an effective science teaching -learning, environments should be created through methods which aim at educating individuals, who attain the scientific knowledge of this world and the scientific habits of the mind at the same time, support the teaching of the art of thinking, incorporate the instruction of thinking skills into daily classes, ensure the development of clear concepts based on experiences in mind and show how cause and effect relationship is analyzed (Gultepe & Kılıc, 2015; Inan & Inan, 2015; Myers, Washburn, & Dyer, 2004) . The aim of scientific literacy is to realize the potential features of individuals and right now connect them with scientific methods (Tan & Temiz, 2003) .
In other words, these individuals should be aware that questions such as how do we know and what is the evidence are answered and understood (Arons, 1983 cited by Laugksch & Spargo, 1996) . Individuals with such thinking skills should have the adequacy of reasoning and decision-making (Friel & Bright, 1998) . Knowledge that people needed to make decisions not a long time ago was simple and ready. Today, as life keeps on getting more and more complicated, knowledge becomes more widespread and makes ambiguous. Therefore, learning and life achievement require a comprehension of how data are to be interpreted and manipulated efficiently. Within this context, expressing and interpreting data and units correctly are one of the basic skills that scientifical literate individuals should acquire. Without the comprehension of how samples are taken and data are analyzed, individuals cannot participate actively in the important modern-day political discussions related to environment, health services, educational quality and equality (Konold & Higgins, 2003) .
Data are the term used to refer to the raw numbers (facts and figures) that arise from the occurrence of an eventphysical, social, economic, geographical events that have the potential to produce numbers and figures. Data are derived from every activity. For instance, a car movement continuously produces data such as time taken, speed of the travel, fuel consumption, acceleration and deceleration and so on (Sharma, 2014) .
Data without a unit is meaningless. A numerical value by itself does not mean anything. Therefore, a number, say 17, means absolutely nothing by itself. The number starts to mean something by saying that is the temperature, etc. However, this does not describe the number completely. The following question will occur: "What does the number 17 represent regarding its magnitude? When the number is qualified by 'degree Celsius' or ' o C' units, then the units autmatically give new meaning to the number. The introduction of the unit automatically qualifies the temperature. The unit defines the magnitude of the data. A unit also allows a number to compare to other values.
Limited time and resources and improved decision making are critical to all areas of life in order to improve the quality of output from fixed resources. When put in an accurate form and shape, data offer information which feeds this need for improved decision making. In fact, in our everyday lives, all of us have been interpreting the data extensively to make our own decisions, for example, in choosing the suitable medicine or health practices, deciding where to live or judging education, policy and practice. As literate citizens of a democratic community, we are invited to reason with and interpret clever data. Paper and television news, nutrition, side effects of extensive drugs and upcoming election questionnaires are full of data we are to interpret smartly. Considering the data, we have to evaluate the reliability of what we see, read or hear and make critical and subtle distinctions when we think about the data we have been given (Rubin, 2005) . The interpretation of data is the process through which inferences are drawn for analysis. In other words, the process of inferring and drawing conclusions through the interpretation of data is what data interpretation is all about (Sharma, 2010) . Focusing on data is a specific thinking form that includes the skills of 21st century, especially problem solving, critical and systematic thinking, creativity and communication. While interpreting data, what is understood is pointed out. This skill enables meaningful inference through reasoning, thus noticing relations between events and facts (Ango, 2002) . It is the explanation why and how an event is based upon observation and assessment results. This is utilized in a wide range from a simple observation process to graph interpretation. Researches conducted in this way may come to right conclusions. If data is interpreted well enough, then the conclusions sound coherent (Altusoy, 2008) .
Interpreting data is a process performed by the integration process of the skills of observation, classification, assessment, inference, estimation and hypothesis formation. All steps are utilized when data are interpreted (Gultepe & Kılıc, 2015; Tatar, 2006) . When interpreting data, the activity involves organizing, analyzing and accessing the data using some interpreting maps (air, contour), graphs, tables, news boards, photos and symbol lists. In classrooms where to think, the data are a usual part of the learning and teachers and students query whether the results are accurate, based on the following questions: Which evidence supports your standpoint? When did you find this evidence? Do you have all the evidence you need for the topic? What methods did you employ to reach the conclusions? Why did you interpret the facts as you did? (Swartz, 2000) Educators have big responsibility for acquiring these skills. Whereas some innate features of students such as inquiry, curiosity, attention, observation and research develop in the hands of skilled teachers, the opposite situation yields utterly meaningless results (Miles, 2010) . Some studies found that science process skills of teachers are not sufficient; teachers are neither knowledgeable enough about the content of some science process skills nor able to make use of them in their classes sufficiently (Inan, 2010; Karslı, Sahin, & Ayas, 2009; Pekmez, 2001 ). According to Oloruntegbe and Omoifo (2000) , the teachers with attained and developed science process skills are more active in teaching these skills in their classrooms than the others. To conclude, teachers should have satisfactory science process skills and aim to have their students mastered them.
There is a considerable evidence suggesting that teachers' knowledge, understanding and thinking skills are linked to student learning and achievement (Hill, Ball, & & Schilling 2008) . Therefore, in order to improve student learning, understanding and thinking skills, higher education institutions should first equip teachers with necessary knowledge and skills to educate their own students properly when they start teaching. They should also encourage students to apply their newly acquired knowledge and skills to a different context (Cimer, 2012) . As Warburton (2008) suggested, the period of pre-service education and training is an ideal time to carry out interventions to promote effective teaching through challenging and to redirect student teachers' own misconceptions to achieve the desired outcomes.
Various studies have been conducted regarding conceptual understanding and misconceptions of pre-service science teachers and students of different grades in primary and secondary levels about density, melting and boiling points and science process skills (Gultepe, Yalcın-Celik, & Kılıc, 2013; Osborne & Cosgrove, 1983; Turpin, & Cage, 2004) , Because the correct expression of data and units in science education is one of the primary skills that students attain in order to become scientifically literate individuals, this study is quite important to determine how data and units on density, melting and boiling points are interpreted and evaluated and how data and units on concepts are linked with the concepts themselves. Within this context, the problem of the study conducted to establish what the data on density, melting and boiling points mean for pre-service chemistry teachers and how they interpret these data in micro-level was "how do pre-service chemistry teachers interpret data on density, melting and boiling points in micro-level?"
Method
The research is a phenomenological study within the framework of qualitative research. Phenomenology is a suitable research pattern to investigate phenomena which sound totally familiar but cannot comprehended completely A phenomenological approach is based on individual experiences. In such an approach, the researcher investigates the perception of the participants and meanings they ascribe to events or concepts. In phenomenological researches, data sources are the individuals or groups that experience or reflect the phenomenon on which relevant research is focused (Budak & Budak, 2013) .
Based on the views of pre-service chemistry teachers, phenomenological pattern was intented to establish how they interpreted data on the density, melting and boiling points, the changes or constancy of a matter depending upon the conditions of the density, melting and boiling points, to explain why the characteristics of these matters differ from each other and to examine the inferences about the statements of the participants in detail.
In this respect, 63 chemistry pre-service teachers completing successfully the initial teacher training at Chemistry Teaching of Dumlupınar University were included in the research sample. The period of study in all departments of faculty of science and letters and faculty of education all over the country is 4 years (8 semesters). There are two systems regarding the teacher training programs in Turkey in accordance with the legal regulations made in 2010. One of them is teacher training carried out by faculty of education; the other is teacher training through pedagogical formation programmes implemented for those graduated from faculty of science and letters graduates or for senior students of these faculties (Yıldırım & Vural, 2014) . Formation is a program where a teaching certificate is conferred on them after senior students (final year) or those graduated from the undergraduate program in faculties of science of various universities in Turkey have received field education and training courses for 9 months (two half-semester pedagogical formation training).
A diagnostic instrument for assessment was prepared by the researcher after compromising on three open-ended questions as data collection tool. The questions of the test were presented in the section findings. Two field instructors shared their opinions about the content validity of the test and the test was finalized after applying it to two postgraduates of science education graduated from chemistry and science departments. The test took 25 minutes to complete. The content analysis was performed and the results were presented as frequency and percentage distribution.
An inductive content analysis was performed to analyze the instrument of assessment. In the analyses, each question of the test was coded separately with similar statements and in the coding process two themes were composed for the statements as "correct and explained in micro level" and "incorrect and not explained in micro level" and the frequency and percentage distributions were established. Accordingly, the frequency of every question and student answers are presented below. Table 1 shows the frequency of the answers of pre-service teachers for Question 1. Incorrect:
Results
Reason:
The Approximately 25 % of the pre-service teachers interpreted this question correctly regarding mass and volume variables in micro-level. In the first part of the question (1a), 11 % of the pre-service teachers defined the density as the weight of the matter as 21 % of them defined it as the number of particle in unit volume. 14.28 % of them formulized did not explain in micro-level. 9.53 % of them indicated that the densities of matters did not change and their reason was that density is the characteristic of matter. In the second part of the question (1b), the densities of different matters were compared and relationships were built with more particle numbers. 22.22 % of them stated that the one with great force of attraction between the particles had more particle numbers and density. 14.28 % of them stated that the density of the one with greater mass in the same volume was greater. 11.11 % of them compared densities relating to particle volume independently from mass. 12.70 % of them indicated that this is a memorized knowledge. Because density is the noncharacteristic property, the density of each matter is different from each other. In the third part of the question (1c), most of the pre-service teachers specified that the second data table is incorrect and the density of a pure substance do not change depending on physical factors. The pre-service teachers have read the data tables, identified variables, made comparisons and failed to interpret data correctly due to the misconceptions under which they labored.
The second question aimed to investigate how pre-service teachers interpreted data on melting points and their explanation for the changes in melting points in micro-level. The table above shows the data obtained as a result of two different experiments conducted to identify the factors that affect the melting point of magnesium metal. The data tables display the change in the melting points of magnesium metal based upon a factor (variable). In Experiment 1, it can be observed that the melting point of magnesium metal is not dependent upon Variable A; in Experiment 2, the melting point of magnesium metal lessens depending upon Varible B. Do you think there is an error in the data tables? If yes, circle "correct" or "incorrect" and explain the reasons for your error. Say separately what your opinion is abour two experiments. Most of pre-service teachers (25.40 %) have the misconception that melting points cannot be changed since they are a characteristic feature. 25 % of them have the misconception that contamination causes a change in the melting point of the matter (in an alloy mixed one metal with another). In fact, the bond structures of two atoms mixing with each other collapse and the location of the atoms in the alloy demonstrates regularity. The atoms in the alloy enter into the attraction fields of each other and the attraction force between them differ from pure metal. With the addition of another metal, the matter becomes a mixture and a change occurs in the features of conductivity and hardness, as well as the melting point. Besides, 45 % of the pre-service teachers failed to explain what melting temperature value means correctly in micro-level.
In the second part of the question, most of them shared the misconception that the more a matter has particle number (particle density), the more it has dense when compared the density of magnesium metal with that of aluminum metal.
In Question 3, the opinions of pre-service teachers were received regarding what boiling temperature means and why the boiling points of different liquids may differ. Question 3 and its answers are presented in Table 3 The table above is the data obtained as a result of two different experiments conducted to identify the factors that affect the boiling point of water. The data tables display the change in the boiling points of water based upon a factor (variable). In Experiment 1, it can be observed that the boiling point of water drops depending upon Variable A; in Experiment 2, the boiling point of water rises depending upon Varible B. Do you think there is an error in the data tables? If yes, circle "correct" or "incorrect" and explain the reasons for your error. Say separately what your opinion is about two experiments. Approximately 36 % of the pre-service teachers interpreted what boiling points mean in the third question correctly and 46 % of them correlated the difference between boiling points of different liquids with the attraction between the particles correctly. 12.70 % of them explained that the melting and boiling points were the saturation point of the matter. 25.40 % of them stated that the given temperature specifically defines that matter. While comparing the melting and boiling points of two matters, 20.63 % of them correlated with particle number/density and 14.29 % of them correlated with the mass of atom or molecule. In the second part of this question (3b), the most common misconception was that the characteristic of the mixture composed of the solute added to the solvent is the characteristic of the pure substance. For example, when salt is added to water, the boiling point of the solution but not that of water will rise. While there is a dipole-dipole interaction between water molecules, there is a stronger ion -dipole force in the mixture of salt and water that is than that of dipole-dipole. Under these circumstances, more energy is needed to overcome ion-dipole forces during the boiling process. The reason for the elevation of the boiling point is ion-dipole attraction between solvent and solute which is stronger than that of dipole-dipole between solvent particles. Because the vapour pressure of the mixture is higher than that of pure water in the mixture of alcohol and water, the boiling point of the mixture will be lower than that of pure water when alcohol is added to it. When volatile liquid is poured into water, the characteristic of the mixture emerges. 53.97 % of them believed that when a foreign substance is added to water, the change in the melting and boiling points depends water.
Discussion and Suggestions
The findings suggest that pre-service chemistry teachers have a poor understanding about density, melting and boiling. More than 50 % of them failed to answer the questions about density, melting and boiling significantly and correctly and could not interpret the concepts of underlying the data and units in the micro level accurately. Similar misconceptions were also encountered in the literature (Bunce & Gabel, 2002; Pınarbası, Sozbilir, & Canpolat, 2009; Sanger, 2000) .
It has been found that most of them could not go beyond especially the concept of density formula and they had heuristic and unscientific misconceptions about the definitions of the concept and the interpretations about relevant data. For example, one of them describes "density of the particle" as the excess in the number of the particles (URL). This may be due to his/her failure to interpret "g mL -" unit as the amount of substance in unit volume.
Generally, they either used indexical expressions without justification or were not able to offer valid reasons for those expressions in response to the questions. Most of the preservice teachers made generalizations in the process of learning the chemistry. They just learned the formulas and theories given in the learning process by heart without understanding the underlying concepts. They just concentrated on memorizing the formulas and theories given without trying to comprehend them. Therefore, they tried to apply the same strategies and interpretations automatically (Talanquer, 2006) . Gabel (1999) highlighted that teachers prefer to pass from the macro level directly to the representational level without conceptualizing at micro level and intending to develop science process skills.
Interpretation requires creative thinking that results in the invention of conceptual umbrellas that can encompass the data. This process refers to the intrinsic ability to recognize patterns and associations within an enormous body of data. Interpreting the data correctly needs having correct conceptual patterns. In this respect, data with table and graph can be used to determine the level of conceptual understanding of learners and misconceptions they hold (Gultepe, 2016) .
The findings confirmed significantly that most of them had certain misconceptions about the concepts. The most widespread misunderstanding was that the pre-service teachers was explaining the reason for the difference in the densities of different substances without considering the density of the particle, relating them to the melting and boiling points of the substances or spotting the difference in the number of particles. Most of them could not interpret how data on the density, melting and boiling temperatures were changed using correct variables under which conditions. According to Martin (1997) , the more a teacher has an improved skill, the better she/he has skills in interpreting experimental data (cited by Basdag, 2006) . Literature studies reveal that pre-service chemistry teachers did not grasp the basic concepts of chemistry as in the students (Aydemir, Bektas, Cetin-Dindar, Aydın and Boz, 2008) . The findings suggest that participant pre-service teachers did not have enough knowledge of the cognitive structures on the subject of density, freezing and boiling points and develop skills in interpreting the data since they mostly demonstrated associations in the form of definitions, for example, "density/melting point/boiling point are non-characteristics". Students' misconceptions should be determined and eliminated beginning from the elementary school years because they bring these misconceptions to their subsequent academic levels negatively affecting their cognitive structures (Costu, Ayas, & Unal, 2007) . It is important to determine what kind of conceptions the pre-service chemistry teachers have and how they interpret the chemistry concepts through data and their level of scientific literacy since they will teach chemistry to the future generations. These concepts play a crucial role in their understanding of chemistry. More importantly, if they are well educated in the subject of chemistry, then they will be helpful for their students (Tirosh, 2000) . We indicate what we understand from them when interpreting the data. A student with developed data at interpretation skill has the skills in understanding what tables and graphs show, in interpreting by using the data acquired and in concluding with his/her interpretation. In fact, the skill in stating the data correctly and meaningfully needs using efficiently variable identification and change in a qualitative and quantitative aspect during the scientific process. Most data represent variables that can change their value. All series of numerical values will represent some variables that will underlie the set of values (Sharma, 2014 ). In the current study, from the statement in Question 1a, two pre-service teachers inferred that density "at 20 o C" relates to temperature or from the statement in Question 3b, five pre-service teachers inferred that "normal boiling point" relates to pressure. The pre-service teachers, who interpret the density, melting and boiling points in a scientific language and employ units relating to these concepts, might explain the reasons for these comparisons and the changes in the values correctly.
Authentic experiences using real data in the classroom are prepared students to use these data in an effective and responsible manner in their life. Students need opportunities to employ their skills in various contexts. Students may use instruments of data analysis in all classes and their daily life so that they construct models to come up with reasonable explanations for real-world situations. Yet, it is rather clear in the researches that only exposure to situations that require such thinking does not solely have a great impact on their thinking skills (Swartz, 2000) . These skills should be taught through modelling, guided practice and education. While students work on projects on data which need thinking of the data, teachers should specify specific skills that students will require to apply in different stages of the projects. These skills such as identifying patterns, inferring and transferring mathematical processes can be taught through the modelling of skills and strategies necessary for completing some tasks. While students use new skills to work with data in the projects that make sense, teachers assess their sufficiency in informal ways and conclude with additional teaching and modelling if necessary. When such a thinking forms an integral part of the classroom process, students learn to perceive thinking with data as an instrument that helps them to make sensible decisions. In this respect, teacher training should pursue the goal of educating scientific literate individuals and literate individuals and an academical life which help them develop their occupational skills and efficiency should be provided for pre-service teachers (Swartz, 2000) .
Education programs should also dedicate time and effort to allow teachers to develop conceptions, construct their cognitive structures about concepts correctly regarding both their content knowledge, pedagogical content knowledge and develop their scientific process skills during pre-service and in-service training (Inan, 2010; Sinan & Usak, 2011; Valanides, 2000) .
Teacher training programs have generally not addressed data skills and data-based decision-making processes. Understanding the nature of teachers' proficiencies and difficulties in the data use is important to provide appropriate training and support for teachers because they are expected to use student data as a basis for an improvement in their practice. This improvement on skills in reading and interpreting data and units can be ensured that observation and measurement apply efficiently. In this respect, enriched learning environments through the inquiry-based learning and life-based practices in the laboratory should aim to increase both students' self-sufficiencies in these skills and their pedagogical content knowledge. For teachers to carry out the science learning activities in an efficient and meaningful way, it may be useful for actively implementing the practices of using the data and units in the classroom environments and presenting these practices to students' attention of in every stage of teaching.
